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(57) ABSTRACT

The invention relates to a machine that simulates movement
during transport, for the testing of packaging elements. The
machine comprises: a load platform (1), the lower part of said
platform having attached thereto a plurality of upper ball
joints (3, 61,71) with a £30° rotation angle, coplanar with the
axis of rotation of a rotating support (5, 5', 5"); and a lower
platform (6) which is located opposite the load platform (1)
and which is provided with anchors for attaching same to a
vertical vibration table (25,26). Additionally, a central sup-
port (7) is located between the load platform (1) and the lower
platform (6). Furthermore, a plurality of mutually indepen-
dent hydraulic servo-actuators (8,8',8") are attached between
the upper spherical ball joints (3) and the lower ball joints (4),
said servo-actuators (8,8',8") being placed along two perpen-
dicular planes that pass through the center of the rotating
support (5, 5', 5"), forming a 90° angle.

8 Claims, 5 Drawing Sheets
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1
MACHINE THAT SIMULATES THE
MOVEMENT PRODUCED DURING
TRANSPORT

The technical field of the invention herein relates to
machines that perform three dimensional movements in order
to reproduce tilt conditions and random vibrations in the
laboratory that occur during the transportation of goods.

STATE OF THE PRIOR ART

There are machines and/or devices that use servo-actuators
having various arrangements and coupling elements to repro-
duce the movements of the means of transport (vehicles on
land, sea and air). There are machines that only reproduce a
longitudinal movement (vertical vibration tables with a single
actuator), machines that reproduce three longitudinal and
orthogonal movements between each other (vibration tables
in three orthogonal axes with three actuators), machines that
reproduce an angular movement (vibration tables with one
actuator), machines that reproduce an angular movement in
two orthogonal directions (vibration tables with two actua-
tors) and machines that reproduce movements in all longitu-
dinal and angular directions (vibration tables with three or
more actuators).

Typical movements made by these means of transport and
that affect how the products and their containers and packag-
ing behave when transported are the vertical vibrations pro-
duced by the vehicle suspension system and the pitch and roll
vibrations or movements. Currently, there are vibration tables
that simultaneously reproduce these three movements, but do
so with three or more actuators, being very costly and having
very complex motion controllers due to the movements of the
axes not acting independently of each other because of the
design and arrangement thereof.

Document WO2010058632 describes a hydraulic actuator
and a machine to conduct vibration tests, being provided with
a hydraulic pump and a hydraulic cylinder unit. However,
they only move in one direction (vertical vibrations). On the
other hand, document ES2154658 describes a vibrating
device that consists of a support device or mould, a cylinder
for applying vibrations, a hydraulic unit for supplying
hydraulic fluid to the cylinder and a control unit for supplying
an actuating signal to an actuation section of the cylinder. The
aforementioned cylinder is composed of a servomechanism.
However, there is only one cylinder to mechanically vibrate a
mould in the continuous casting processes generating vibra-
tions and movements in a single plane.

The European patent no. EP 1887338 is also known, which
describes a test apparatus for transporting packaging that
performs three-dimensional vibratory movements by using
springs. However, the movements made by this device cannot
be controlled in all different directions such that simulation
does not fully conform to a real-life situation. The Spanish
patent number ES 2154658 describes a vibrating device that
essentially consists of a support device for a mould and a
cylinder for applying vibrations only, without the possibility
of performing the multiple movements obtained by using the
machine of the invention herein.

DISCLOSURE OF THE INVENTION

To alleviate the above problems, the machine for simulat-
ing movement produced during transport is presented, that
can be used to simulate how products and/or packaging
behave, characterised in that it uses two hydraulic servo-
actuators that control the movement of the load plane of the
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machine, the movement of said plane being restricted by a
gimbal, such that it can only tilt relative to the anchor point,
but does not allow the movement of said point. The plate can
perform rotational movements on its two orthogonal angular
reference axes at the aforementioned anchor point by means
of a gimbal system. The servo-actuators are arranged along
two perpendicular planes that pass through the centre of the
gimbal. This 90° angle arrangement, being displaced from the
centre and making the centres of the upper ball joints of both
servo-actuators coincide with the centre of the gimbal, mean
the movements in each servo-actuator act independently of
the other, such that the motion device is simpler and the cost
of'the machine is less than existing motion simulators referred
to in the prior art.

Another novelty is that the machine is designed to be
installed on any single axis vertical vibration table, already
available on the market, which would be a vibration table that
reproduces the roll and pitch at the same time the vertical
vibration is being reproduced, with the resulting savings this
represents by not having to purchase an additional table com-
prising three or more servo-actuators.

In order to simulate movements up to 15° simultaneously
in both pitch and roll movements, spherical ball joints that can
reach over 22° without reaching their mechanical limits have
been designed. In order to prevent the actuator of the vertical
vibration table, on which the machine is installed, from bear-
ing excess strain due to the momentum the pitch and roll
movement can cause, stiffening means were included that,
when installed on the vertical vibration table, without restrict-
ing its vertical movement, accorded a certain stiffness in the
other directions, thereby dividing this load within the system.

The design of the actuators can be either hydraulic or
electrical, although the hydraulic actuators have greater
advantages and if the machine of the invention is installed on
a hydraulic vertical vibration table, the existing hydraulic
source for powering the servo-actuators of the machine of the
invention can be used without having to purchase another
hydraulic source at the cost that this entails.

The machine supports multiple practical embodiments
wherein different coupling elements are used whose configu-
ration enables the proper operation thereof.

Throughout the description and claims the word “com-
prise” and its variants do not intend to exclude other technical
characteristics, addends, components or steps. For the skilled
in the art, other objects, advantages and characteristics of the
invention will be apparent partly from the description and
partly from implementing the invention. The following
examples and drawings are provided by way of illustration,
and are not intended to be limiting of the present invention.
Furthermore, this invention covers all possible combinations
of particular and preferred embodiments set forth herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Shows a full view of the machine of the invention.

FIG. 2. Shows a view of the machine of the invention
installed on a vertical vibration table. FIG. 2A shows a cross
section of the view shown as FIG. 2.

FIG. 3. Shows a detailed view of the security, locking and
self-levelling means that form part of the machine of the
present invention.

FIG. 4. Shows a detailed view of the movement of the
machine of the present invention.

FIG. 5. Shows a detailed view of the stiffening means for
reducing the torque that supports the hydraulic servo-actuator
in the vertical vibration table on which the machine of the
invention is installed.
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FIG. 6. Shows a schematic view of a second practical
embodiment of the machine of the invention.

FIG. 7. Shows a schematic view of a third practical
embodiment of the machine of the invention.

PREFERRED EMBODIMENT OF THE
INVENTION

As shown in FIG. 1, the machine for simulating movement
produced during transport that can be used to simulate how
products and/or packaging behave, which is the object of the
present invention, consists of a load platform (1) where
objects, packages or palletised loads to be tested are placed,
on whose lower part both upper spherical ball joints (3),
having a large £30° rotation angle, coplanar to the gimbal
rotational axis (5), are attached.

The lower platform (6), provided with a number of anchors
for attachment to any vertical vibration table on the market
(1), is opposite the load platform (1).

A central support (7), connecting both platforms, is located
between the load platform (1) and the lower platform (6).

Similarly, two independent hydraulic servo-actuators (8)
that generate pitch and roll movements on the upper load
platform are integrally attached between the upper spherical
ball joints (3) with a £30° rotation angle, and the lower ball
joints (4) with a £15° rotation angle.

A plurality of pneumatic actuators (2) are integrated into
the safety, locking and self-levelling means of the platform
(6) on the lower platform (6) and integrally attached thereto,
to manoeuver the level load on the load platform (1) when
there is no hydraulic pressure in the hydraulic servo-actuators
(8). The safety, locking and self-levelling means are shown in
detail in FIG. 3.

FIG. 2 and FIG. 2a show a full view of the machine of the
present invention installed on a vertical vibration table (25,
26). In this figure the stiffening means (21) that are configured
to reduce the torque that supports the hydraulic servo-actuator
(26) of the vertical vibration table on which the device is
installed can be seen. These stiffening means (21) are shown
in greater detail in FIG. 5.

The machine of the invention comprises a counterweight
(22) located on the lower platform (6), said counterweight
(22) being configured to maintain the centre of mass in the
central axis of the system. Additionally, there is an inertial
measurement unit (23), that measures the pitch and roll, inte-
grally attached to the load platform (1).

FIG. 2a further shows both the platform of the vertical
vibration table (25) and the hydraulic servo-actuator of the
vertical vibration table (26). The figure further shows the
pneumatic security, locking and self-levelling actuators (2) in
a retracted position, ready to begin the test.

FIG. 3 illustrates the security, locking and self-levelling
means, formed by a number of pneumatic actuators (2),
whose primary function is to place the level load on the load
platform (1) when there is no hydraulic pressure in the
hydraulic servo-actuators (8), in whose preferred embodi-
ment, the servo-actuator on the left (8a) is in a retracted
position, ready to begin the test, and the servo-actuator on the
right (86) is in an extended position when there is no hydrau-
lic pressure.

On the other hand, the gimbal (5) supports the weight of the
system and maintains the centre of rotation of the load plane,
enabling the roll and pitch rotation, but limits its rotation.

FIG. 4 shows how the movement occurs in the machine of
the invention. The main parts that affect said movement are
the central support (7), the hydraulic servo-actuators (8), that
are responsible for generating the pitch and roll movements
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on the upper load platform (1); the gimbal (5) that supports
the weight of the system and maintains the centre of rotation
of the load plane enabling the pitch and roll rotation, but
limiting its rotation; the upper spherical ball joints (3) with a
+30° rotation angle, coplanar with the rotation axis of the
gimbal (5), and a lower spherical ball joint with a +15° rota-
tion angle. The servo-actuators (8) are arranged along two
perpendicular planes that pass through the centre of the gim-
bal (5) forming a 90° angle.

FIG. 5 shows the stiffening means (21) configured to
reduce the torque that supports the hydraulic servo-actuator
(8) of the vertical vibration table (25,26) on which the device
is installed.

Said stiffening means (21) comprise at least a plurality of
low-friction bushings (213), integrally joined to a plurality of
stiffening plates (215) that are configured to reduce the torque
that supports the hydraulic servo-actuator of the vertical
vibration table (25,26) which is installed on the machine and
attached to the seismic mass of the vertical vibration table
(25,26).

Finally, the stiffening means (21) also comprise a plurality
of cylinders (214) attached to the platform of the vertical
vibration table (25) and wherein said cylinders (214) increase
the moment of inertia of the servo-actuator of the vertical
vibration table (26).

Second Practical Embodiment of the Invention

In a second practical embodiment, shown in FIG. 6, it can
be seen how the independent hydraulic actuators (8') that
generate pitch and roll movements of the upper load platform
(1") being arranged (8') at a 90° angle with upper and lower
spherical ball joints (61,64), while the gimbal (5') supports
the weight of the assembly and maintains the centre of rota-
tion of the load plane enabling the roll and pitch rotation, but
limiting the rotation.

Third Practical Embodiment of the Invention

In a third practical embodiment, shown in FIG. 7, it can be
seen how the actuators (8") comprise a ball joint (71), copla-
nar with the centre of a central spherical ball joint (5") on its
upper part, that supports the weight of the assembly and
maintains the centre of rotation of the load plane, enabling the
roll and pitch rotation. Finally, the lower part of the actuators
(8") is attached to the platform by means of a connection with
a single axis of rotation (75).

The invention claimed is:

1. A machine, for simulating movement produced during
transport, that can be applied to simulate how products and/or
packaging behave, comprising a load platform, on which
objects, packages or palletized loads to be tested are placed,
wherein a lower part of said platform has attached thereto a
plurality of upper spherical ball joints with an approximate
+30° rotation angle, coplanar with the axis of rotation of a
rotating support, and a lower platform, which is located oppo-
site the load platform and which is provided with anchors for
attachment to a vertical vibration table, and wherein a coun-
terweight configured to maintain the center of mass in the
central axis of the machine is located on the lower platform;
additionally, a central support, connecting both platforms, is
located between the load platform and the lower platform
and, furthermore, a plurality of mutually independent hydrau-
lic servo-actuators, configured to generate the pitch and roll
movement of the upper load platform are integrally attached
between the upper spherical ball joints with a £30° rotation
angle, and lower spherical ball joints with a £15° rotation
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angle; said servo-actuators being further arranged along two
perpendicular planes that pass through the center of the rotat-
ing support forming a 90° angle.

2. The machine according to claim 1 wherein a plurality of
pneumatic, hydraulic or electrical actuators are integrated
into safety, locking and self-levelling means of the platform
on the lower platform and integrally attached thereto, being
configured to maneuver the objects, packages or palletized
loads on the load platform when there is no hydraulic pressure
in the hydraulic servo-actuators.

3. The machine according to claim 1 wherein stiffening
means which comprise at least a plurality of low-friction
bushings are integrally attached to a plurality of stiffening
plates and a plurality of cylinders are attached to the platform
of the vertical vibration table, and wherein said stiffening
means are configured to reduce the torque that supports the
hydraulic servo-actuator of the vertical vibration table on
which the machine is installed.

4. The machine according to claim 1 wherein an inertial
measurement unit configured to measure the pitch and roll of
the objects, packages or palletized loads is integrally con-
nected to the load platform.

5. The machine according to claim 1 wherein the rotating
support is a gimbal configured to support the weight of the
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objects, packages or palletized loads and to maintain the
center of rotation of a load plane of the load platform,
enabling the roll and pitch movement, while limiting its rota-
tion.

6. The machine according to claim 1 wherein the mutually
independent hydraulic servo-actuators generate the pitch and
roll movement of the upper load platform being arranged at a
90° angle, and which comprise comprise upper and lower
spherical ball joints, while a gimbal supports the weight of the
objects, packages or palletized loads and maintains the center
of rotation of a load plane of the load platform enabling the
roll and pitch movement, while limiting its rotation.

7. The machine according to claim 1 wherein the actuators
comprise a ball joint, coplanar with the center of a central
spherical ball joint on its upper part, that supports the weight
of'the objects, packages or palletized loads and maintains the
center of rotation of a load plane of the load platform,
enabling the roll and pitch movement, and wherein a lower
part of the actuators is attached to the load platform by means
of'a connection with a single axis of rotation.

8. Use of the machine of claim 1 for testing of packaging.

#* #* #* #* #*



